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BWE AR AR RS TEGH EEXNEL TR FTALENDTHRELTZER .00 H 1pg L'EBH(T) 1 pg e L7
STHAMG(TBTO B A E UK T.TBTC(HH A EHN N 1L pg L DHFH AL E XYL & (Danio rerio) ¥ & 34T 7
0dEFHE, ALFEREN . SXBHL. 2 TIBTC BB ENHEL & RAZBGSD TR . WELTFZH. W FLAE
WE L, B TBTC 24 EN L s X B NN A AER ;2 T.IBITCHAAEN L e N A MAEERE
HMEAEAT BMAEIENBARFLELFT.CSIEHEAT. £E PCREF KW T fn TBTC £ 44 E 4 4 0 & T
B#HEFEDERBEEE cyplda R E L RELRE foxl2 kX (p<<0.05) .MAHKALEN L FE L cyplIa F foxl2
HEEFR(P<0.05) ;T A ENML A MRS KBEER P450 113 thk X B E 5 (p<<0.05), T TBTC # 4k 4 #
ZEEELEETE(Pp<<0.05), T.TBTCHKAA BN ZEXH LA LEEH W ; T.TBTC B RAEHLEHERE 4R
M H 208 HSD Wy %3k .2 T.TBTC Bt A A EH T % F P ERE £ K (p<<0.05), AFELA T.TBTC #1365 & 5
ERAA I TR E AL TR AN E R,
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N i T 44 (Endocrine disrupting chemicals, EDCs) g™ 5 5 Wi 71 25 19 4= 55 T e, T P4 o9 38 2% 10 70 s
Y B2 BRI 38 % O T AR B SRDE . R IF ST KWL EDCs 52 52 4 M H 0 28 A PR IR Lk B M T &R L SR
28 7 A W M R AR ASON Herh HLB AA  n = T BB (Tributyltin, TBT) HLAT BH T 1% i 14 41 1 %%
R EAE K T EEAEAE IR R = T 24468 (Tributyltin chloride, TBTOY , TBTC i )12 B MERE . 5y
B TR e gAY B BRI R 0 R A e A Bl R DRI AT o B OGS o £ S A B O &
B, TBT % #% Ae P L a2 IR 3 - B BR S 2 &0 . TBT HAKRM 1 F AL 1% AS 143 BI 6 . Shimasakir
S NTIA Ry TBT 205 5 Ak B il 570 mT 5 SOME I 32 KOF BT, B0 82 % & g1 5 /0 Nakanishi % Ak TBT 7]
BB 3E o 10 1 57 A AL cypl9a WY HESERIMHIMER R A . Ik, 56 F TBT WA/E PSR A EAR K G,

55 TBT & ARBL, 0I5k 80 2% A v 3 ik 300 1 B9 S v ey pl 9a KR TR A9 3R 3K, W AR L I b HE — 1 (17 -estradiol ,
E2) Ay 7K, 15177 5 S0 5 & 7 g M g kRl R A v T, Hop, B2 (testosterone, T) Xt F 4
RN RN EHECEE, B RO ER E2 MR 2 11-8d 3L 22 8 (11-ketotestosterone, 11-KT) H: [A]
T NP T N 1 e S RO AT I B O 10 13| W B A I =

T A TBT B ELAT M40 i 207 L (5 — 35 TR AR AN ) e 2 20 FAE AL vl e AP — 2 22 5% . Ik AR
WF5EH T TBTC B0 Ak 2 K B3 A AL BEXT 120 d W& BE 25 f0 M Pk G 64T T 90 d 5288, @i 4l 42 Mo e e it
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ASZE A 15 55 A 3 R oK 1 IR ESALFE 90 d, BFAG fOfr 7% 2238 1 o5, KR e (27 1) °C LR
JAMAH 14 hOoBRE ¢ 10 h JREE, AbFE 90 d J5 B BE D fa ff 5 O DR L . REA1HR 6 SR BE S fa B S T4l 21 AR L TR
A A3 2H B 6 8 £ B 55 FH T 138 22 %1 (Gonadosomatic index, GSD 18 FLi RNA (9420, FRsS2I6LEH S 3 k.
1.2 HEAZHR

X SL U B ] 4% PFAGpH R 7. ) T 4 CREIE 24 h, S8 BETORS B AR — F 3535 W], 60 °C £ HS (231,
B J EAT 5 pm ELEYI R HE Yo, R B AL IR 7 AR 9 BB (DM2700 M 2% 1 B, F5 [ k) T R
EiapiE
1.3 WHkE= PCR

JH Trizol W\ 5% B £ 37 fif B 5L rh 42 U RNA, ®1 SIMRAFT

[RAET —80 CA&METF. 2 RNA F 1% 5015 85 e Tab. 1 Primers and their sequences used in this study

LR RNA 5586 1 40050006 RNA — STB A 135" ti

SRR, B 1 pg % RNA 5 M8 PrimeScript  foxl2-F GCTGCAGCACCTCCGGTGAC
2090

RT reagent Kit(TaKaRa) U\E‘ B [g/{ﬁ% H DNA foxI2-R CCGCGCGTGTAGTGCAGAGT

IHEAT IR A 4 cDNA.—20 CFMRAF,  evploal CGGATCGGGTCCTCGGTCGT )

M GenBank #F 159 B & A Joxl2 | cypl9a cypl¥a-R COCCTOCTOEOACAGGTTCT

P450 118.208 HSD E=2 & 355 Bactin .efla =27 P450 113-F CTGGGCCACACATCGAGAG FI713105

‘ . . . P450 11-R AGCGAACGGCAGAAATCC

(% 1). M Primer-BLAST & i 3l 4 3 s ¢ D0 1P NOCOAACLHEAGA, ,
(htto./ /bl bl nil /B Ny 208 HSD-F TCATGCTCTTCTGCCGATAC o
‘ Etp; | ast. 1’13\1. nAm.‘nl . gov/Blast. cgi) , 20 HSD-R CAAGGGACTTCTTGCTGACA )
i@t Invitrogen 2 A& . B-actin-F TGTGGATCAGCAAGCAGGAG

9IGSE Bk PCR RN A I AE Bio-rad 1Q5(Bio- g ,ein R GCCATACAGAGCAGAAGCCA 0oT0t0
Rad) AT, Ry PR IE 45 5% 0 v 5 P L X B — B A B eflaF GATCACTGGTACTTCTCAGGCTGA 508618

. . ) °50

ARMEEE 3K, KWVKRZR QO pI)F 1 xL cDNA efla-R GCTGCTCCAGGTTTGCCTAT

(3 —%% cDNA #i B¢ 5 %) ,10 pL iTaq™ Universal
SYBR® Green(xX2),0.5 pL IE[ 5[4 (10 pmol « L '),0.5 pL K 5[# (10 pmol « L '),8 uL. RNase Free
ddH, O, SEmfEFR ML PCR P47 95 °C 10 s, BIAEE ;95 °C .5 5,60 “C .30 s JH3F 45 . S Goll 4z
JH 0 R X o o 1 0 o X R I A SR AT T . FEARF R S R h L R B2 A BN e f1a BEPH Y R
ik [ e fla BEARME TR FUR W fractin TWEE , IEH] e f1a NS HEATHICSE T .
1.4 GSIit&

GST A XN A R B = (P i /AR E) X100 %7,
L5 BiERIES S

JH SPSS13. 10 3R At 5 536 25 S A7 7 25 40 A F 22 J LA, 22 5 i 3 /K-l p<<0. 05,

2 BREHH

2.1 SIER B MR # *
Bl 1R BFRALE 90 d 5, S XF AR, T TBTC Ml B b 2
BETh i GST (AR B E WA (p=0. 05) W SL 0 % & 22 F4M s T TBTC Bt 5197

A A AL BE Bt GSTE 3 L TH(p<20. 05) . B9 51 5 &k Y 3¢ 104 . .
2.2 MMDEPELEMPFRENTM s *

ALY 45 R s O LI R B s A B P I (MV I 5 .
564 I CEG 300 (1 010 40 0 157 0 I B b A Ak A ) 52 7 6F 30 1 B9 R L TETRIC
BPAMEAPAE (KR 200, T 368 90 dJRBNALTE MV RUFG HIRANIE oo 0 o)
SEA I« FLAE 6 B85 2 1 LB CE 390) B0 5 A2 1 7 199 519 5 40 L B — B BTG B 00 d 3
K 2b), TBTC 4b3HZH B 8 vh FG 1 B RJ 20 L 0 T, B9 RE 40 fd Jf T2 )5 M BT D £ R B R BOE B2

B 40 D E A0 R R — R (B R 200, T A TBTC BA Ab 2R OR 5L Fig. 1 Gonadosomatic index of
AT AE BRI IR KRR T AR A — e B EN AR A female zebrafish exposed to T and
1) ORI (B R B 2d) TBTC for 90 days
2.3 X foxl2 .cypl9a \P450 118 #1208 HSD EERIEKFH I
PR PCR 45 R W, 5 X A b, T, TBTC # gl kb B4 foxl2 Al cypl9a FEN F K F T M
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(p=<<0.05), 1 T A1 TBTC BE-AE AL PR A w5 2 44 & 2 11 (p<<0. 05) (A 3a.b);[EE, T W2 [iE . TBTC .2
T P450 118 FE K (p<<0. 05), T TBTC B4 4b B 21 v % 3 [ #6340 35 28 4k (& 3¢) ; T, TBTC H#j 4b
BEXF 208 HSD F:[H ) 2 35 52 Wl A S 3 o (H W0 35 JC 5 Ak B 00) 2 38 | )22 366 PR A 6 38 (p<<0. 05) (] 3D

3 1Tig

EA WH3T &I, B 2L 2 (Methyltes- 2.5 2.0 *
tosterone, MT) Al TBT ¥ REH0 il f 2 B0 w20 T s L
TR SO0 A T GST R T 5
6002, ABISCAE R @R T TBTC sl ¥ | L
A E R BB E LR s + =
(p<20.05) JFMFII AT Kk F8 [
REEYM kT, 5 MT " gm T T TBIC TaTmic OO SHE T T TRIC TRTBIC
AOTBT S 40 V9 4 S — B 5 T e " ion
TBTC MAL AL AE P 6 B b el ' )5
rh, BE I fr b O 5L B S 00 B 40 - 20 T
KA T RORE B 4 0 T i L R B 4 H_"S' = T
WFRZ B, R 2 AT A T, Sof = 57 —
TBTC B4 b F 4L op {5 77 76 41 280 JF . 0 B
REAEWT RGBS, 52 & = Z05
AHRED ) 2, T TBTC B A FRAL) GSL 00 XA T B T&teic 0T X T ' TBTC T&TBTC
1892 3 THE (p<<0. 05) , I 75 WG & [ I & S b SE b3
b B4R 0E BE T £ B S8 A L T 3 L 4 44 o PaOLIB d 20pHSD
WEE 25 AR SR A\, o] LAHED, T, TBTC B3 T5TBICREXMMDE
KA b B v e M B S £ GST A T 5 ] g foxl2 eypl9a \P150 118 0 208 HSD BB RXHIH M
S BB 20 U T 0 O R A B 4 % B a4t Fig. 3 Influences of T and TBTC on foxl2, cypl9a, P450 118,
) 458 5 {8 L r phy 7 B L DR R A A RS and 20B HSD genes expressions in zebrafish

DAY U5 HE 38 22 0 e 9 2R A S o fa 2R R R G E O I S A T S R A R A )2
cypl9a DR ik (455 F AL BE O /E R . AHOCHF IS 20 MBS R A0 TBT $nla@ i B cypl9a FEN Ik,
FEAR LTS b B2 A 7K -, WA T 4 ) 0 B8 & Y ARBFSE & B, T TBTC B kb R (Y i @ 2 KB S fa
cypl9a FEF I FRIE (p<C0. 05) iR BRI L L B i P 2 B F foxl2 WYFRIK T B MBI MR E2 A L. Bk
AT LAHEM :cypl9a HYFRIK W3 T I AT RESE T TBTC b Ak 3-S50y 2 300 51 BF 40 ff 171 25 4k 55 )5 101 019 B 48 g 94 1
MY SRR . SR 5 B b B A 25 SRR A, T TBTC BRG B AL foxl2 Fl cypl9a FEDI IR B B LM, i 7R
W E2 K LT, EF LT E2 K2 G WA RS T RMAT, E HiA LMLKW R P E L L
PLLE2 RS/ BRONRE AN & AR PR T 5 o BE S SR R BE. 100 ng + L'EE2 BESEULR F R (MV Al
FG D) O REAN MR HAT Y =10, RS H AT A N TR E2 K b THi75 5 00255 09 RE 403 0 1 /9 A DG4 L B4 31
P A T O L T R O 9 KT Ao R B R Ao T R O R B R R R

T TBTC 5l Ak BEAS AN 5 i) 0 38 28 A0 5 i, XoF B 2R A9 A it A 88 K B2, P450 118 & T In) 11-KT #4k
B G EREDT AR L F B (Oryzias melastigma) BIFsE &3 E2 el P450 118 XK (B N | S S
T figifs e P450 115 FEPFRIK a3 ml e I o N TR MES 2K FREFTEC. TBT M A B & 2% 9 A 3400, BE
Al 0 fr BT A (Holsatiae vaccas) ' FRRANME R P450 118 2 1 AYIG P W BEM ] P450 118 3K Ay Fakt™
PRI W] AN, TBTC B kb B A0 0] BE 7= A= A LA RL N F I8 B0 8 P450 118 32N AY %A, EF T.TBTC B4
AEHEXE P450 118 3 DH 33k 0 k2 52 0 L U ZR B T I Ah 25 W %t P450 118 35 IR A0 18 458 S 465 B sk i .

AR F AR MNP RE AFEE NS E2 MG AR 170, 208- W% 4 (17a, 208-dihydroxy-4-
pregnen-3-one, DHP) t U4 8% (455 2, 15 177 4 il B9 7 A= R B . AH SC 98 th 26 B, 1 2%+ DHP /K% B 7t
FE A2 18 BE b A7 5115 20 i 5 22 i 5 HE O L 1T 208 HSD MIJ& A i DHP B AR BES 2, ARAFF5E L& B T.TBTC $l
ARSI AT BE Ey fh 20 HSD HEPI A 3R3K W & 3K & AL B A 3 198 208 HSD f3ik (p<<0.05), X —45
SR 8 K A A B AL BE T £l v DHP K RTRE B TE L 02 o 09 R4 M RE S & B MR . X AT BB SR 7E IR A Ab
FRZ AT BE WL EE RN & B T O AR A0 M 09 B .l T AE T TBTC B4 4 B4 v M vk 25 0 22 38 25 7K 7 W] BE R %
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Animal Sciences

Mechanisms Involved in the Inhibition of Zebrafish (Danio rerio)
Ovarian Development by Testosterone and Tributyltin Chloride

RAO Jianjun, LI Yingwen, ZHANG Qunfang, LIU Zhihao

(Chongqing Key Laboratory of Animal Biology, Chongqing Engineering Research Center of Bioactive Substances.,
College of Life Sciences, Chongging Normal University, Chongqing 401331, China)
Abstract: To investigate the influences and the differential mechanisms of androgen and tributyltin chloride on fish ovarian develop-
ment and gametogenesis, female zebrafish (Danio rerio) adults were exposed to testosterone (T, 1 ug * L™'), tributyltin chloride
(TBTC, 1 pg» L") and their combination for 90 days. Histological results revealed that, In T and TBTC treated groups after ex-
posure, the gonadosomatic index (GSI) dropped significantly compared to the control, indicating suppressed ovarian development
and oogenesis of the fish. TBTC (while not the T) induced apoptosis in vitellogentic oocytes. However in the combination group, a
few vitellogentic oocytes were also present except for apoptosis in vitellogentic oocytes. Gene expression studies showed that T and
TBTC exposure significantly reduced the expressions of ovarian type aromatase (cypl9a) and its upstream regulator foxl2 (p<<
0.05), while the combined treatment significantly increased their expressions (p<<0.05). Whereas, T induced a higher expression
of P450 1183, and TBTC inhibited its expression (p<C0.05), while in the fish of combination group. the expression of P450 11 re-
mained unchanged (p<C0. 05). Besides, the expressions of 208 HSD (gene responsible for progesterone production) in fish of T and
TBTC groups remained unchanged (p<C0. 05), while the combination of drugs dramatically up-regulated the expression of 208 HSD
(p<<0.05), In summary, we suggest that, both similar and differential mechanisms were involved in T and TBTC induced ovarian
dysplasia and oogenesis arrest.

Key words: testosterone; tributyltin chloride; Danio rerio; ovarian development; differential mechanisms
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